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WATER-QUALITY DATA FROM THE SAN JUAN AND

CHACO RIVERS AND SELECTED ALLUVIAL AQUIFERS,

SAN JUAN COUNTY, NEW MEXICO

By Conde R. Thorn

ABSTRACT

As a result of the Federal Water Pollution Control Act Amendments of October 1972 
(Public Law 92-500), as amended by the Clean Water Act of 1977 (Public Law 95-217) and the 
Colorado River Basin Salinity Control Act of June 24, 1974 (Public Law 93-320, as amended by 
Public Law 98-569 on October 30,1984), an effort has been made to locate areas of salt loading in 
the Colorado River Basin. This report presents the results of analyses of surface- and ground- 
water samples collected along the San Juan and Chaco Rivers, San Juan County, New Mexico. 
Data presented in this report were collected during five sampling efforts beginning in June 1990 
and ending in February 1991. This report includes tabulated water-chemistry data; summary 
statistics; graphs showing daily loads of dissolved solids, chloride, and bromide; and plots 
showing bromide to chloride ratios. Ground-water data also are included in this report that were 
collected from three observation wells drilled by the U.S. Geological Survey in 1969, and surface- 
and ground-water data that were collected by the U.S. Geological Survey and the U.S. Bureau of 
Reclamation in December 1987.

INTRODUCTION

Salinity control studies on the San Juan River Unit, a part of the Colorado River Water 
Quality Improvement Program, were authorized as part of the Federal Water Pollution Control 
Act Amendments of October 1972 (Public Law 92-500), as amended by the Clean Water Act of 
1977 (Public Law 95-217) and the Colorado River Basin Salinity Control Act of June 24, 1974 
(Public Law 93-320, as amended by Public Law 98-569 on October 30,1984). Title H of the Salinity 
Control Act was directed toward salinity control of the Colorado River in the United States 
upstream from Imperial Dam (on the Arizona-California State line). The Salinity Control Act of 
1974 originally authorized the unit for study as part of a basinwide program to enhance and 
protect the quality of water in the Colorado River for use in the United States (U.S. Bureau of 
Reclamation, written commun., 1992).

A reconnaissance conducted in 1986 by the U.S. Bureau of Reclamation (BOR) and a 
synoptic (4-day) sampling effort conducted by the U.S. Geological Survey (USGS) in 1987 along 
the San Juan and Chaco Rivers in northwestern New Mexico resulted in data that the BOR 
believes were substantial enough to justify additional sampling. In June 1990, the USGS initiated 
a sampling program along the San Juan and Chaco Rivers. Surface- and ground-water samples 
were collected during five sampling periods from June 1990 to February 1991 and analyzed for 
major ions, selected trace elements, and stable isotopes of sulfur. The intention of this data- 
collection effort was to gain an understanding of possible salinity contribution to the San Juan 
River from deep formation waters or from oil-field brines. This report discusses the results of the 
data-collection effort.
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Study Area

The study area is located along the San Juan and Chaco Rivers in San Juan County, 
northwestern New Mexico (fig. 1). The study area includes the approximate 46-mile reach of the 
San Juan River, from near Farmington, New Mexico, to about 20 miles downstream from 
Shiprock, New Mexico; and the reach of the Chaco River from its mouth at the San Juan River 
upstream for about 25 miles (figs. 1 and 2). There is irrigation on the flood plain and adjacent 
terraces along most of this reach of the San Juan River and along the La Plata and Animas Rivers, 
two major tributaries of the San Juan River. About 50,000 acres are also irrigated south of the San 
Juan River, along Ojo Amarillo and Gallegos Canyons (fig. 1).

The study area contains sedimentary rocks consisting of sandstones, siltstones, shales, and 
conglomerates of Cretaceous age. An east-facing, northeast-trending, east-dipping Hogback 
monocline is the main geologic structure in the study area. The west-flowing San Juan River and 
the north-flowing Chaco River cut through this structure, creating steeply dipping exposures of 
rocks of the Mesaverde Group. Sand, gravel, and caliche forming pediment and terrace deposits 
are found along the San Juan River from Farmington to just downstream from Shiprock. The La 
Plata and Animas Rivers flow south into the San Juan River near the eastern side of the study area. 
The remainder of the study area is flat to gently rolling grasslands moderately dissected by 
arroyos.

Energy-resource production activities are the major economic resource in San Juan 
County. These activities include oil and gas production, gas processing, coal mining, oil refining, 
and electric-power generating (fig. 3).

Sampling Methods

Data for the calculation of stream discharge were measured with a pygmy current meter, 
and depth-integrated surface-water samples were collected using a DH-75 sampler. Streamflow- 
data and water-sample collection efforts were made in accordance with USGS standards as 
outlined in Carter and Davidian (1968) and Edwards and Glysson (1988). For streams that had 
shallow depths and velocities too low for a current meter, a portable Parshall flume was used to 
obtain a discharge measurement (Kilpatrick and Schneider, 1983); a water sample was obtained 
by hand dipping a sample bottle into the stream several times until the required volume was 
accumulated. Ground-water samples were collected from shallow wells completed in alluvium. 
Three casing volumes of water were removed from wells prior to sample collection. Field 
procedures used in the collection and processing of ground-water samples are outlined in Wood 
(1981).
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DISCUSSION OF RESULTS

Five sets of samples were collected from June 1990 to February 1991 from 13 surface-water 
and 3 ground-water sampling sites. The results of all sampling efforts for this study are shown in 
tables 1 and 2 (tables are all located in the back of the report). Ground-water data from three 
observation wells that were drilled and sampled in 1969 are also presented in table 2. Surface- 
and ground-water data from a 4-day synoptic sampling effort conducted in 1987 are shown in 
table 3.

Most of the reach sampled along the San Juan River is influenced by irrigation. Therefore, 
complex discharge variations in the San Juan River caused by irrigation withdrawals and returns 
can have a major effect on the loads carried in the San Juan River. Tributary inputs, particularly 
those due to intense, localized thunderstorms common to the study area, can also cause large 
variations in loads in the San Juan River. No correction has been applied to the data to account 
for the irrigation withdrawals and returns or for tributary input to the San Juan River.

This data-collection effort was intended to define areas that may have been contributing 
salinity to the San Juan River. Therefore, concentrations of chloride and bromide were analyzed 
because of their conservative behavior in natural waters and possible indicator of oil-field brines. 
For further information regarding chloride and bromide as tracers in natural waters the reader is 
referred to Whittemore (1988).

Daily loads of dissolved solids, chloride, and bromide are shown in figures 4 through 8. 
These loads were computed by multiplying discharge (in cubic feet per second) by concentration 
(in milligrams per liter), then multiplying by a conversion factor of 0.002697 to obtain the unit of 
tons per day. The load computed from the discharge, measured at the time of water-sample 
collection, is assumed to be representative of the daily load traveling past the sampling site for 
that day. For example, the chloride concentration in the San Juan River at Farmington in a sample 
collected at 1730 hours on August 6,1990, was 9.2 milligrams per liter; the discharge measured for 
that same day and time was 369 cubic feet per second (table 1). The computed load of chloride for 
that day was 9.2 tons as shown in figure 5.

Streamflow and dissolved-solids loads for water samples collected from the La Plata River 
varied widely between sampling periods; those for the Chaco River had smaller variation (fig. 4). 
Dissolved-solids loads in the San Juan River display variation both in a downstream direction and 
between periods sampled at a given site. Figures 5 and 6 show the correlation between 
Streamflow and loads of chloride and bromide, respectively, for samples collected along the San 
Juan River. Loads of chloride and bromide in the Chaco River are shown in figures 7 and 8. A 
slight variation exists between the sampling sites and periods of sampling on the Chaco River, 
except in February 1991. In February 1991, Streamflow and loads of chloride and bromide were 
larger at the Chaco River above mouth (site 11) than at the two upstream sites (sites 9 and 10).
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Statistical summaries of concentrations of selected water-quality constituents are shown 
in table 4. The number of samples and minimum, maximum, and median concentrations are 
shown for samples collected from June 1990 to February 1991. The differences between the 
minimum and maximum concentrations in surface-water samples collected from the San Juan 
River are smaller than in those collected from the Chaco River.

The relation between the ratio of bromide to chloride concentrations and chloride 
concentrations for samples collected from June 1990 to February 1991 is shown in figure 9. The 
relation between the ratio of bromide to chloride concentrations and chloride concentrations for 
samples collected in 1987 is shown in figure 10. Both surface- and ground-water samples plot in 
the same general area, indicating no substantial difference in the bromide to chloride ratios in 
surface-water and ground-water samples collected from June 1990 to February 1991. However, 
the data in figure 10, compared with those in figure 9, indicate a similar range of the ratio of 
bromide to chloride concentrations but a larger range in chloride concentration.

Chemical-constituent diagrams for water samples collected in August 1990 and January 
and February 1991 are shown in figures 11 and 12. For each site the chemical-constituent 
diagrams shown in figures 11 and 12 are similar in shape; this indicates that water types at a given 
site were similar in August 1990 and in January or February 1991. Additional chemical analyses 
of surface- and ground-water samples collected in December 1987 are presented in figure 13.
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Table 4.--Statistical sumnmTy of selected water-quality constituents
in surface-water and ground-water samples. San Juan County. 
New Mexico. June 1990-February 1991

[Site numbers are plotted in figure 2. Selenium,
micrograms per liter; all other constituents are

in milligrams per liter; <, less than]

Site Site name and water- Number of 
number quality constituent samples Minimum

1 Animas River at Farmington
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

2 San Juan River at Farmington
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

3 La Plata River near Farmington
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5

58
7.9

19
97
13
0.02
0.001

267
<1

55
8.4

28
110

9.2
0.01
0.003

290
<1

55
19
99

230
18
0.08
0.002

576
<1

Maximum

98
15
43
210
26
0.05
0.003

500
<1

62
10
43
150
10
0.03
0.004

357
<1

320
120
430

1,700
180

0.76
0.01

2,920
2

Median

92
14
34

170
23
0.04
0.002

434
<1

58
9

35
140
10
0.02
0.003

336
<1

120
29

180
350
75
0.20
0.006

957
<1

33



in surf ace -water and ground -water sanrnl es . San Juan Countv .
New Mexico. June 1990-Februarv 1991 --Continued

Site
number

5

6

7

Site name and water- Number of
quality constituent

San Juan River above Hogback 
Calcium
Magnesium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

San Juan River below Hogback 
Calcium
Magnesium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

San Juan River at Shiprock 
Calcium
Magnesium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

samples

2
2 
2
2
2
2
2
2
2

2
2 
2
2
2
2
2
2
2

2
2 
2
2
2
2
2
2
2

Minimum

68
12 
44
180
12
0.030
0.003

415
<1

68
11 
43
190
13
0.040
0.003

415
<1

72
14 
49
210
14
0.040
0.003

447
1

Maximum

70
12 
49
190
13
0.040
0.004

418
<1

77
12 
87

270
16
0.080
0.005

575
<1

86
20 
67
270
21
0.040
0.004

563
1

Median

69
12 
46.5
185
12.5
0.035
0.0035

416.5
<1

72.5
11.5 
65
230
14.5
0.060
0.004

495
<1

79
17 
58

240
17.5
0.040
0.0035

505
1



Table 4.--Statistical summary of selected water-quality constituents

Site 
number

8

9

10

in surf ace -water
New Mexico. June

Site name and water - 
quality constituent

and ground-water samples. San Juan County.
1990-Februarv 1991 --Continued

Number of 
samples Minimum Maximum

San Juan River below Shiprock 
Calcium 3
Magne s ium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Chaco River at Hogback 
Calcium
Magnesium 
Sodium 
Sulfate 
Chloride
Bromide
Iodide
Dissolved solids 
Selenium

Chaco River below Hogback 
Calcium
Magnesium 
Sodium 
Sulfate 
Chloride
Bromide
Iodide
Dissolved solids 
Selenium

3 
3
3
3
3
3
3
3

5
5 
5 
5 
5
5
5
5 1, 
5

5
5 
5 
5 
5
5
5
5 1, 
5

70
13 
41
170
10
0.
0.

400
1

89
48 

160 
580 
48
0.
0.

030 
2

96
46 

160 
560 
48
0.
0.

010 
2

87
23 
71

310
22

020 0.041
003 0.004

606
2

300
720 

1,800 
7,400 

500
11 0.89
009 0.034

10,900 
4

260
370 

1,000 
3,600 

310
11 0.69
008 0.024

5,690 
15

Median

72
14 
50

210
15
0.040
0.003

441
1

110
59 

190 
680 
57
0.12
0.009

1,210 
3

100
55 

180 
650
55
0.12
0.009

1,140 
2

35



in surface-water and ground-water samples. San Juan Countv.
New Mexico. June 1990-Februarv 1991 --Continued

Site
number

11

13

Gl

Site name and water -
quality constituent

Chaco River above mouth
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Chinde Wash near Fruitland
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Chaco River recorder well
Calcium
Magnesium
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Number of
samples

5
5
5
5
5
5
5
5 1
5

3
3
3
3
3
3
3
3
3

5
5
5
5
5
5
5
5 1
5

Minimum

90
49

180
620
53
0.11
0.007

,090
2

59
14

220
480
47
0.08
0.005

914
3

64
33

270
700
56
0.03
0.010

,240
<1

Maximum

190
130
640

2,000
180

0.29
0.13

3,230
9

120
30

410
900
150

0.25
0.008

1,700
10

86
44

330
770
63
0.33
0.014

1,400
<1

Median

110
55

210
660
58
0.12
0.008

1,180
2

67
15

230
500
56
0.09
0.005

934
4

67
34

290
720
58
0.15
0.011

1,290
<1

36



Table 4. - -Statistical siimmj^.rv of selected water-duality constituents
in surface-water and ground-water samples. San Juan
New Mexico. June 1990-Februarv 19 91 --Concluded

Site
number

G2

G3

Site name and water-
quality constituent

San Juan River flowing well 
Calcium
Magnesium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Alluvial well on Chaco River
Calcium
Magnesium 
Sodium
Sulfate
Chloride
Bromide
Iodide
Dissolved solids
Selenium

Number of
samples

5
5 
5
4
5
5
5
5
5

4
4 
4
4
4
4
4
4
4

Minimum

140
40 
48
260
12
0.04
0.006

561
<1

60
4.9 

170
350

9.6
0.030
0.001

742
<1

Maximum

170
47 
53

370
35
0.06
0.012

909
3

67
7.5 

220
420
12
0.080
0.003

881
1

County .

Median

150
40 
50

295
15
0.05
0.007

770
2

66
5.55 

205
400
10.5
0.040
0.002

844
<1

37


